Abstract. The phosphogypsum is produced as a by-product of the manufacturing phosphoric acid or phosphate fertilizer from the phosphate rock on the wet process. In general, it contains relatively high concentrations of uranium series radionuclides such as 226 Ra. This study surveyed overall radioactivity of the naturally occurring radionuclides in a facility using phosphate rock and evaluated the impact on the vicinity environment by the phosphogypsum.
INTRODUCTION
The phosphate rock (PR) is well known as Naturally Occurring Radioactive Material (NORM). The PR is used as a raw material to produce the phosphoric acid (PA) using for production of the phosphate fertilizer (PF). The phosphogypsum (PG) generated as a by-product in these manufacturing process is well known as Technically Enhanced Naturally Occurring Radioactive Material (TENORM). Typically, 226 Ra (80%), 232 Th (30%) and 238 U (14%) are remained in the PG and the rest of the natural radionuclides are transferred in the PA [3] . With this reason, occasionally a waste contaminated with high level of 226 Ra activity has been discovered. In Korea, scrap irons contaminated with the NORM scales have been discovered since 1998 where most of them had been imported from foreign country with lack of identification of its origin. Three of discovered thirty five cases were identified that the scrap irons originated from the PF industry.
Namhae Chemical Co. is the biggest facility in Korea using PR that is imported from China, Jordan, Morocco and Togo [1] . The imported PR is used to produce the PA that was produced approximately 0.2 million tons in 2009. The company produced approximately 0.8 million tons of PF with the produced PA. In these manufacturing processes, approximately 1 million tons of the PG was generated as a byproduct. In addition, the scale attached on the inside of the components was also generated where the quantity was approximately 10 tons. Some of the PG are recycled by manufacturers producing the gypsum board, and the remainders including the scale are piled up at the open storage yard (PG stack). The PG may cause the radiation exposure to the workers and have an adverse impact on the surrounding environment.
This study evaluated the overall natural radioactivity in the PF industry and the surface dose-rate on the components in the manufacturing process. In addition, environmental impact from the natural radionuclides in the PG was estimated. 
MATERIAL AND METHOD
The activities of the natural radionuclides such as 226 226 Ra following the 25 days storage. The 232 Th concentrations were determined by measuring the activities of its decay product 228 Ac (911 keV peak). The 40 K concentrations were directly determined through its 1460 keV peak.
The surface dose-rate of components, scale, scrap iron, and etc. were measured by the high sensitivity personal radiation dosimeter (RadEye PRD, Thermo Scientific) using a NaI detector. Figure 1 shows the diagram on the manufacturing process.
The soil samples were collected from 40 points (10 cm and 30 cm in depth from surface, respectively) with regular grid in distance to establish the environmental impact by the stacked PG ( Figure 2 ) [2] . The activities of the natural radionuclides such as 226 Ra, 232 Th and 40 K in soils were analyzed by the gamma-ray spectrometry. concentrations of the natural radionuclides in the phosphate industry given in the UNSCEAR report [4] . However the 226 Ra activity in the scale sample was significantly high where the scale samples were taken from the inside of the pipeline transporting the PG to the PG stack.
RESULTS AND DISCUSSION

Surface dose-rate at the manufacturing process
The ranges of the surface dose-rate on the components, raw material and PG sludge are summarized in Table 2 . Most of the measured surface dose-rates were similar to the typical outdoor gamma dose-rate in Korea (0.05-0.30 Sv·h −1 ). However, the surface dose-rates on the pipelines, particularly at the joint of the pipelines, were significantly high compared to the others, because the scale adhered to the inside of the pipeline. Therefore, it is recommended to protect the descaling workers against the radiation exposure. Figure 1) ( Sv·h −1 ) (the number in Figure 1 (Table 3) . Most of the 226 Ra activities in the soils were lower than those of the PG. However, 226 Ra activities in the soils near the PG stack were high and similar to those of the PG. In addition, the 226 Ra activities in the several locations far from the PG stack also indicated the high concentration ( Figure 3 ). This is caused by the stacked PG at the open storage yard. The stacked PG might be transferred to the surrounding soils by wind and the transported PG might be washed into the deep soil layer by precipitation suggesting deposition of 226 Ra into the soils. The activities of 232 Th and 40 K in soils were low in the vicinity of PG stack and they were also lower than those of PG. This was estimated to originate from the geological characteristic of the region (Figure 4 and 5) . In the case of 40 K, the original characteristics of the surrounding geology containing potash feldspar and the illite rich rocks were reflected [2] .
CONCLUSION
The activities of the natural radionuclides and the surface dose-rate in the manufacturing process of PA and PF were generally not significant level. However, 226 Ra was highly concentrated in the NORM scale, PG attached to the inside of the pipeline, and it has been confirmed that the workers handling the scale may be exposed to high radiation dose. 226 Ra activities in soils at some parts of the site were high caused by the stacked PG. In particular, 226 Ra activities near the PG stack were high and it found no significant difference between soils at 10 cm and 30 cm in depths from surface. 63 ± 1 49 ± 1 57 ± 5 56 ± 2 595 ± 21 652 ± 13 37 104 ± 1 80 ± 1 41 ± 2 44 ± 2 622 ± 20 679 ± 13 38 41 ± 1 -30 ± 1 -716 ± 10 -39 135 ± 1 122 ± 1 24 ± 1 27 ± 1 609 ± 15 658 ± 10 40 102 ± 1 96 ± 1 37 ± 1 33 ± 3 833 ± 11 794 ± 11 Recently, Namhae Chemical Co. makes an effort to manage the natural radiation in the manufacturing process of PA and PF. The company regularly measures the radiation dose and the generated scrap irons are discarded after descaling the NORM scale and measuring the radiation dose.
There are many facilities using the raw materials containing the naturally occurring radionuclides in Korea. However, manufacturers and workers related with NORM/TENORM industry are still not aware of the radiation exposure. Furthermore, although the lead, bismuth and polonium radioisotopes, the decay products of radon, are heavy-weight in radiation exposure of the workers by the natural radionuclides, their studies have not yet been carried out in Korea. Therefore, more varying aspects of researches for the natural radiation in the facilities need to be conducted and under management of the Government. Recently, Korean Government (MEST) is making an effort to establish the regulatory framework for the natural radiation.
